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结论清楚地表明，正如 Tsallis 熵一样，在 Tsallis 统计中能量也是非广延的，热力学第









的分析，发现求 概然几率分布与著名的热力学关系 TdSdU = 在本质上是等价的。采
用不同形式的泛函可导出各种广延统计和非广延统计的已有结论。 























1q ≤ 和 1q ≥ 两种不同的情况下分别导出系统的总粒子数、内能、定容热容量等相关物
理量，其中q是评估系统非广延性的一个重要参数。发现当 1q ≤ 时非广延系统的费米能
和参数q无关且等于广延系统的费米能，但其他的热统计属性则和q密切相关，譬如在
















    
Abstract 
 
Nonextensive statistical physics is the extension and deploitation of the conventional 
(extensive) statistical physics. It’s a new theory to deal with some complex systems which 
present long-range interactions and/or long-duration memory. It can explain some abnormal 
experimental phenomena that cannot be explained by the theory of the extensive statistical 
physics. It is a hot problem in the basic physical research fields at present international 
circumstance. Since there are various different methods in dealing with some complex 
systems, the nonextensive statistical physics has developed several branches such as Tsallis’ 
statistics, incomplete statistics, q-deformed statistics, etc. Four basic problems in 
nonextensive statistical physics and the thermodynamic properties of generalized quantum 
gases are investigated in this dissertation. The main contents are organized as follows. 
The background and history of the naissance of the nonextensive statistical physics are 
simply introduced in chapter 1. A research work on self-gravitating systems is cited to 
analyze the criteria of the so-called “long-range interactions”, and consequently, it is 
expounded that nonextensive statistical physics is good at dealing with such systems. Then, 
an abnormal phenomenon of 2D turbulence in pure electron plasma is introduced to 
illuminate that nonextensive statistical physics is the most suitable theory for complex 
systems which present long-range interactions and/or long-duration memory. 
The mathematical conformation of Tsallis’ entropy and some inherent properties of 
nonextensive Tsallis’ statistics is briefly introduced in chapter 2. On the basis of Tsallis’ 
entropy and the joint probability factorization condition, two controversial problems existing 
in Tsallis’ statistics are investigated, where one is whether energy is extensive or not and the 
other is whether it is necessary to introduce the so-called generalized zeroth law of 
thermodynamics or not. The results obtained by strictly mathematical derivation show clearly 
that like entropy, energy is also nonextensive in Tsallis’ statistics, and that the zeroth law of 
thermodynamics has been implicitly used in Tsallis’ statistics since 1988. Moreover, it is 













   
is not suitable in Tsallis’ statistics, because it violates the energy conservation principle as 
well as its corollary is in contradiction with the zeroth law of thermodynamics. 
In chapter 3, a basic problem appearing in Incomplete Statistics is analyzed. Through a 
precise mathematical calculation related to the partial differential of the partition function 
with respect to the internal energy, the definition of the physical temperature and several 
important fundamental thermodynamic relations are obtained. The errors existing in some IS 
references are corrected. It is helpful for the further development and improvement of 
Incomplete Statistics. 
In chapter 4, an equivalent problem of the relations between the maximum entropy 
principle and the thermodynamic law is investigated. By introducing the functional form of 
the probability distribution function, the different physical statistics may be generalized in a 
unified method. When the entropy of the system in thermodynamic equilibrium reaches it’s 
maximum, it is found by using the variation of the functional form of the probability 
distribution function that the maximum entropy principle is in equivalence with the 
well-known thermodynamic relation dU TdS= . It is pointed out that many conclusions in 
extensive and nonextensive statistics may be directly derived by adopting the different 
functional forms of the probability distribution function.  
In chapter 5, the thermostatistic properties of a q-generalized boson system trapped in an 
n-dimensional harmonic oscillator potential are firstly studied, based on the generalized 
statistic distribution derived from Tsallis’ entropy. The density of states, total number of 
particles, critical temperature that Bose-Einstein condensation occurs, internal energy, and 
heat capacity at constant volume are derived. The characteristics of Bose-Einstein 
condensation of the system are discussed in detail. It is found from the results obtained here 
that the thermostatistic properties of such a system depend closely on the parameter q, 
dimensional number of the space, and frequency of the harmonic oscillator; and the external 
potential has a great influence on the thermostatistic properties of the system. The results 
obtained here will be helpful to one searching some q-boson systems which have a higher 













    
is introduced to q-boson systems. General expressions for some important parameters of the 
system are derived. It is expounded that the results obtained here can describe the 
thermostatistic properties of a class of Bose systems in a unified way so that many important 
conclusions in literatures and textbooks are included in this chapter. 
Based on the generalized Fermi distribution function, the thermostatistic properties of a 
q-generalized Fermi system are studied in chapter 6. The total number of particles, internal 
energy, and heat capacity at constant volume are calculated for two different cases of 1≤q  
and 1≥q , respectively, where q  is an important parameter to evaluate the nonextensivity of 
the system. It is found from the results obtained here that the Fermi energy of such a system 
is independent of the parameter q  and is equal to that of an original ideal Fermi system 
when 1q ≤ , while other thermostatistic properties of the system depend closely on the 
parameter q . For example, when 1q < , the chemical potential of the system in certain region 
of temperature may be larger than the Fermi energy; when 1q > , some thermodynamic 
parameters of the system at low temperatures, such as the chemical potential, heat capacity, 
and so on, must be cut off. 
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